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(54) SEMICONDUCTOR DEVICE 

(57) Abstract: 

PURPOSE: To realize a high luminance short wavelength 
semiconductor light emitting element by growing a high 
quality AlGaInN based thin film with high reproducibility on 
a saphire substrate. 

CONSTITUTION: The semiconductor light emitting 
element comprises a plurality of semiconductor layers of 
AIGalnN based material laminated through buffer layers on 
a saphire substrate 10 wherein the buffer layer comprises 
a first porous" AIN butter layer 11 for polarity control and 
nucleus formation formed sparcely (granularly) by lOnm or 
less on the surface of the substrate 10, and a second InN 
buffer layer 12 for relaxing thermal stress formed thicker 
than the first buffer layer 11. 
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[Claiin(s)] 

[Claim 1] It is the semiconductor device characterized by for the 
aforementioned buffer layer consisting of AlGaInN system material in the 
semiconductor device which comes to carry out the laminating of two or more 
semiconductor layers which consist of AlGaInN system material through a 
buffer layer on a single crystal substrate, amd being formed in the 
aforementioned substrate front face in the shape of porosity for polar control 
and nucleation. 

[Claim 2] The semiconductor device which comes to carry out the laminating 
of two or more semiconductor layers which are characterized by providing 
the following, and which consist of AlGaInN system material through a 
buffer layer on a single crystal substrate. The aforementioned bviffer layer is 
the 1st bviffer layer for polar control and nucleation which consisted of 
AlGaInN system material and was formed in the aforementioned substrate 
front face in the shape of porosity. The 2nd buffer layer for heat distortion 
rehef which consisted of AlGaInN system material and was formed on the 
1st buffer layer more thickly than this buffer layer. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the semiconductor device 
which aimed at improvement of the buffer layer especially prepared between 
a substrate and the semiconductor laminated structure for element creation 
with respect to the semiconductor device which used AlGaInN system 
material. 
[0002] 

[Description of the Prior Art] GaN which is one of the III-V group compound 
semiconductors containing nitrogen has a band gap as large as 3.4eV, and it 
is a transited [ directly ] type, and is expected as a charge of short 
wavelength light-emitting-device material. Since there is no good substrate 
which carries out grid adjustment, although it grows up in many cases on 
silicon on sapphire by this material system, since sapphire and GaN have 
grid mismatching as large as about 15%, they tend to grow in the shape of an 
island. Furthermore, if the thickness was thickened in order to grow up a 
good GaN layer, since transposition would increase at the time of cooling 
according to the heat expansion difference between silicon on sapphire and 
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GaN (or AlGaInN) or a crack would arise, it was difficult to grow up a quality 
film. 

[0003] On the other hand, in order to ease the influence of grid mismatching, 
amorphous or the method of forming a GaN layer on it, after forming AIN of 
a polycrystal or GaN as a buffer layer by low-temperature growth of an 
ultra-thin film is learned on silicon on sapphire. At this time, the buffer layer 
of a polycrystal eases heat distortion, it becomes amorphous or the seed 
crystal to which the direction gathered at the time of the elevated 
temperature whose microcrystal contained inside the buffer layer is 1000 
degrees C, and it is thought that the crystal quality of a GaN layer improves. 
[0004] When this method is used, the quality of the crystal expressed with 
the half-value width of an X diffraction is greatly dependent on the growth 
conditions of a buffer layer. That is, when a buffer layer is thiclc, in order that 
the direction of seed crystal used as a growth nucleus may be in disorder, 
crystal quality deteriorates. On the other hand, although half-value width 
decreases as buffer thicloiess becomes thin, if too thin, the function of a 
buffer layer will completely be lost and the surface state of a crystal will 
deteriorate rapidly. That is, the growth conditions of a buffer layer were 
restricted upwards severely, and it was not able to be said that crystal 
quality was also enough. 
[0005] 

[Problem(s) to be Solved by the Invention] Thus, it is difficidt to carry out the 
crystal growth of the quality AlGaInN system thin film on sOicon on 
sapphire conventionally. Furthermore, even if it uses the buffer layer of 
amorphous ******** ^ it cannot be said that the crystal quality of the 
AlGaInN system thin film which the growth conditions of a buffer layer are 
restricted upwards severely, and is formed on a buffer layer is also enoug:h. 
For this reason, it was difficvdt to realize the semiconductor light emitting 
device of the high brightness short wavelength which used AlGaInN system 
material. 

[0006] this invention is to offer the semiconductor device which it was made 
in consideration of the above-mentioned situation, and the place made into 
the purpose can form a quahty AlGaInN system thin film with sufficient 
repeatability also on the substrate which does not carry out grid adjustment, 
for example, enables realization of a high brightness short wavelength 
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semiconductor light emitting device. 
[0007] 

[Means for Solving the Problem and its Function] The following composition 
is used for this invention in order to solve the above-mentioned technical 
problem. That is, in the semiconductor device to which invention of the 1st of 
this appHcation comes to carry out the laminating of the semiconductor layer 
which consists of AlGaInN system material through a buffer layer on a single 
crystal substrate, a buffer layer consists of AlGaInN system material, and it 
is characterized by being formed in a substrate front face in the shape of 
porosity. 

[0008] Here, the following are raised as a desirable embodiment of this 
invention. 

(1) A buffer layer is sparsely formed in a substrate front face very thinly 
(granular), and average thickness should be less than lOnm. 

(2) A buffer layer shoxild be AIN. 

(3) a single crystal substrate - silicon on sapphire — it is the c-th page of 
silicon on sapphire preferably 

(4) The semiconductor layer formed on a buffer layer should make the double 
hetero structure which sandwiched the barrier layer in p type and the n type 
dad layer, and should constitute light emitting diode. 

(5) 350-800 degrees C of growth temperature of a buffer layer should be 500- 
700 degrees C more desirably. 

(6) Perform temperature up process until it carries out the growth start of 
the semiconductor layer for element formation in the hydrogen atmosphere 
which does not contain ammonia after forming a buffer layer. 

[0009] moreover, the 1st buffer layer formed in the substrate front face in the 
shape of porosity by a buffer layer consisting of AlGaInN system material in 
the semiconductor device which comes to carry out the laminating of the 
consisting [ iuvention of the 2nd of this application / through a buffer layer / 
of AlGaInN system material ]-on single crystal substrate semiconductor 
layer and the 1st buffer layer - a band gap — nairrow -- the [ and ] — it is 
characterized by constituting from a laminated structure with the 2nd buffer 
layer formed more thickly than 1 buffer layer 

[0010] Here, the following are raised as a desirable embodiment of this 
invention. 
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(1) The 1st buffer layer is sparsely formed in a substrate front face very 
thinly (granular), and average thickness should be less than lOnm. 

(2) The 1st buffer layer is AIN and the 2nd buffer layer shovild be InN or 
GalnN. 

(3) Form the cap layer for preventing evaporation of In of this buffer layer on 
the 2nd buffer layer. 

(4) a single crystal substrate sihcon on sapphire — it is the c-th page of 
silicon on sapphire preferably 

(5) 350-800 degrees C of growth temperature of a buffer layer should be 500- 
700 degrees C more desirably. 

(6) The semiconductor layer formed on a buffer layer should make the double 
hetero structure which sandwiched the barrier layer in p tjrpe and the n type 
clad layer, and should constitute light emitting diode. 

(7) Perform temperature up process until it carries out the growth start of 
the semiconductor layer for element formation in the hydrogen atmosphere 
which does not contain ammonia after forming a buffer layer. 

[00111 According to research of this invention persons, it became clear that 
the growth nudeation for polar control of a growth side is essentially 
important for everything but the grid mismatching rehef conventionally 
considered as a role of a buffer layer. That is, since a substrate crystal and a 
nitrogen raw material react and sapphire has the non-polar crystal structure 
when a GaN layer is directly grown up without a buffer layer on silicon on 
sapphire, the polarity of the nitride which is a product becomes the 
disordered thing. 

[0012] Since the raw material molecule which works as a nitrogen source of 
supply of V group element, or its decomposition product stops at a front face 
effectively and N atomic plane is first formed on the other hand when 
substrate temperature is 700 degrees C or less, it is a growth side. It is 
controlled by the Ath page out of which the III group atom came. When it 
follows, for example, the ammonia of low cracking severity is used for N raw 
material, siace N raw material is insufficient, formation of N atomic plane 
(Bth page) which becomes unstable is suppressed. This is considered to be 
the big reason of crystal upgrading by the low-temperature growth buffer 
layer, 

[0013] Therefore, it is thought that the growth nucleation for polar control of 
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a growth side is important as a role of a buffer layer, the growth nucleus 
which works in this way does not need to exist as a film, and the direction 
rather formed in a substrate front face sparsely does not depend it on growth 
conditions, thickness, etc. of a buffer layer, but its crystal quality improves. 
It is because it is thought that GaN does not almost have the crystal defect 
which originates in grid mismatching in the field which grew up to be a 
longitudinal direction along the substrate front face from the growth nucleus 
beforehand formed at low temperature, and grew from one growth nucleus as 
a result since, as for this, GaN cannot usually form a growth nucleus easily 
due to the substrate temperature of 800 degrees C or more on a sihcon-on- 
sapphire front face. 

[0014] In addition, it is conventionally considered to be the cause that the 
portion into which the substrate carried out the direct reaction of the 
degradation of the rapid crystal quaUty produced when a buffer layer is thin 
to the nitrogen raw material, and polarity was confused is formed. It is III 
after specifically growing up a buffer layer by supply of an III group raw 
material (TMA) and V group raw material (NHS) the case where the GaN 
layer for semiconductor device formation is grown up for example, through 
an AIN buffer layer on silicon on sapphire. It is another, after stopping 
supply and carrjdng out the temperature up of the group raw material to 
predetermined temperature. An III group raw material (TMG) is supplied 
and growth of a GaN layer is started. Since V group raw material has been 
supplied at this time, when a buffer layer is thin, a substrate will carry out a 
direct reaction to ammonia in temperature up process. 

[0015] On the other hand, if ammonia is not included for a temperature up or 
it carries out under the atmosphere only containing the nitrogen raw 
material of only the minute amount which prevents desorption of a nitrogen 
element, nucleation will be made, without nitriding a substrate front face. 
However, since greatly different gas of thermal properties, such as hydrogen 
and ammonia, will be changed and the thermal property of a controlled 
atmosphere changes after temperature rises in this case, the problem that 
the skin temperature of a substrate changes arises. This invention persons 
found out that 70 or less Tbrrs of things to which gaseous thermal 
conductivity decreases growth rapidly and which are desirably performed 
under reduced pressure of 40 or less Tbrrs were important, in order to stop 
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this. 

[0016] Drawing 9 shows the relation between the AIN buffer thickness when 
carrjdng out a temperature up in hydrogen, and the X diffraction half- value 
width of the GaN layer which grew on it. The epitaxial layer sharply more 
nearly quahty than before is obtained at the time of 3-8nm when biiffer 
thickness is thinner than lOnm. At this time, not the shape of a perfect film 
but the microcrystal of AIN is formed sparsely, and the buffer layer has 
become porosity-like. Here, the growth conditions of a buffer layer mean a 
bird clapper gently, and it leads to improvement in productivity that a 
quality epitaxial layer is obtained even if buffer thickness is thinner than 
lOnm. 

[0017] Thus, since the layer which the substrate front face was exposed and 
grows upwards grows from a small nucleus when a porous buffer layer is 
formed, lateral growth is promoted and it is thought that a layer with few 
defects can be grown up. In order to promote a lateral crystal growth more, a 
result with most sufficient using the c-th page of sapphire for a substrate is 
obtained. Moreover, when a substrate with the variation in a field direction 
or surface discontinuity is used, the substrate which carried out 10 -degree 
(from 1 degree to 5 degrees [ Desirably ]) inclination from 0.5 degrees is 
effective in the direction of the a-th page from the c-th page. More nearly 
quality film formation is attained by using an inclination substrate. 
[0018] Here, the interval of the AIN microcrystal used as a growth nucleus is 
decided by the growth temperature, and becomes so large that temperature 
is high. In order not to alienate lateral growth, the elevated temperature to 
which the interval of a growth nucleus becomes large is desirable. However, 
in elevated-temperature growth, since the polarity of a growth nucleus is 
confused, the growth temperature of a buffer layer is restricted. The range of 
the good result having been obtained is 350 to 800 degrees C, and it is 500 
degrees C to 700 degrees C desirably. 

[0019] Moreover, ff the thickness is thickened in order to grow up a good GaN 
layer even if it uses this method, siace the growth temperature of GaN is as 
high as about 1000 degrees C, transposition will increase at the time of 
cooling according to the heat expansion difference between silicon on 
sapphire and GaN (or AlGaInN), or a crack will arise. Therefore, a buffer 
layer is thickened at heat distortion rehef, and it is necessary to low- 
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temperature-ize growth temperature simultaneously and to make distortion 
by the temperature gradient small. However, if the 1st biiffer layer for 
growth nudeation is thickened, in order that the direction of seed crystal 
used as a growth nucleus may be in disorder, crystal quahty deteriorates. 
Then, in this invention, it is effective to carry out the laminating of the 2nd 
buffer layer for heat distortion rehef on the 1st buffer layer for growth 
nudeation. 

[0020] The buffer layer for heat distortion relief does not necessanly need to 
be amorphous or polycrystal. Therefore, the material in which crystallization 
temperature contains In which has been considered to be a single crystal- 
ized plain-gauze cone for a low reason as a composition element can be used 
as the 2nd buffer layer. That is, siace combination with N is weak and In has 
flexibility to AIN, the buffer layer which contains In as a composition 
element can ease distortion effectively. In addition, besides the material 
which contains In in the 2nd buffer layer as a composition element, if it is the 
latus material of a band gap, generally the thing with good flexibility which 
it is not sake especially limited but is used is more possible than the 1st 
buffer layer. In this case, since the buffer layer near a single crystal is used 
and thickness can be thickened, it is still more effective. 
[002 1] It is In composition which is effective and is easy to grow as thickness 
of the 2nd buffer layer for heat distortion relief in the latus range from 50nm 
to lOOOnm at 10 to 90% of the time. Although the surface mobility of In can 
form greatly the material which contains In so much as a composition 
element by the latus temperature requirement from 300 degrees C to 1100 
degrees C in order to grow up as a buffer layer, since it is hard to carry out 
nudeation, it is desirable to grow up a layer with little In composition 
beforehand. 

[0022] As mentioned above, in order to form a small growth nudeus in the 
1st buffer layer for nudeation, material with large In composition with an 
effective material with a band gap large [ latus, for example, aluminum 
composition, ] and a band gap narrow as the 2nd buffer layer for heat 
distortion relief for example, is effective. Moreover, when forming the 
element structure which consists of GaN system material on such 2nd buffer 
layer for heat distortion relief, it is desirable for desorption of In to form 
beforehand the cap layer which does not contain In(s), such as GaN, AIN, and 
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AlGaN, in order to prevent desorption of In by the 500 to 800 degrees C 
[ which is not rapid ] substrate temperature requirement. This cap layer 
thickness should just be in the range of 50 to lOOOnm. 

[0023] In addition, a buffer layer means the shape of a film with the purposes, 
such as nucleation, polar control, and heat distortion relief, and a granular 
crystal layer by this invention . Thus, according to this invention, the 
microcrystal of AIN is sparsely formed on a substrate by forming the buffer 
layer of the shape of porosity, such as AIN, on single crystal substrates, such 
as sapphire. This serves as a nucleus of longitudinal direction epitaxial 
growth of a semiconductor layer. Moreover, by [ which do not contain 
ammonia for a temperature up until it carries out the growth start of two or 
more semiconductor layers for semiconductor device creation after forming a 
buffer layer ] performing hydrogen atmosphere, for example, the reaction of 
a substrate front face and nitrogen is prevented and the polar disorder of a 
substrate front face can be prevented. Therefore, as a result which can aim 
at the crystal quality of two or more semiconductor layers formed on a buffer 
layer, and improvement in repeatability, growth of the AlGaInN layer of a 
low defect is attained and it becomes realizable [ a high brightness short 
wavelength Mght emitting device ]. 

[0024] Moreover, by forming the 2nd buffer layer, such as InN and GaInN, on 
the 1st buffer layer, such as AIN, the 2nd buffer layer will function as a heat 
distortion relief layer, and becomes effective by crystal upgrading of two or 
more semiconductor layers formed on a biiffer layer. 
[0025] 

[Example] Hereafter, the example of this invention is explained with 
reference to a drawing. 

(Example 1) Drawing 1 is the cross section showing the element structure of 
the blue hght emitting diode concerning the 1st example of this invention. 
That is, on the c-th page of silicon on sapphire (sin^e crystal substrate) 10, 
growth formation of the 1st buffer layer 11 (9nm) of AIN for growth 
nudeation and polar control is carried out at 580 degrees C, growth 
formation of the 2nd buffer layer 12 (0.5 micrometers) of InN further for heat 
distortion relief is carried out at 500 degrees C, and growth formation of the 
GaN cap layer 13 (0.1 micrometers) for In anti flashing is carried out at a it 
top. 
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[0026] After these each class 11-13 is formed, a temperature up is carried out 
to 1050 degrees C. The GaO.7 InO.3 N defective reduction layer 14 (3.0 
micrometers) for crystal- defect reduction, As an element n type aluminumO.2 
GaO.5 of Si dope which operates The In0.35N dad layer (1.0 micrometers) 15 
and GaO.7 InO.3 N layer barrier layer (0.5 micrometers) 16, the p type 
aluminumO.2 GaO.5 In0.35N dad layer (1.0 micrometers) 17 of Mg dope, and 
the p type GaN contact layer (0.5 micrometers) 18 of Mg dope are formed one 
by one. 

[0027] And on the contact layer 18, Au/Cr/Pd is formed as a p lateral 
electrode 21, and Au/AuGe is formed as an n lateral electrode 22 on the 
defective reduction layer 14. 

[0028] With such structure, the 1st buffer layer 11 of AIN is sparsely formed 
granular on a substrate 10, becomes porosity-Hke, and serves as an effective 
growth nudeus in the case of growth of the AlGaInN system semiconductor 
layer for the element creation which foUows. Furthermore, the 2nd buffer 
layer 12 of InN can be committed as a heat distortion relief layer, and can 
prevent beforehand generating and the crack of transposition resulting from 
the heat expansion difference of an AlGaInN system semiconductor layer 
and a substrate 10. That is, a good AlGaInN system semiconductor layer can 
be formed by work of two buffer layers 11 and 12, and it becomes possible to 
realize Hght emitting diode of high brightness short wavelength. 
[0029] Drawing 2 changes the band gap of a barrier layer 16, and changes 
luminescence wavelength. Drawing 2 (a) is the example of green Hght 
emitting diode, and is setting [ composition of defective reduction layer 14' ] 
composition of aluminumO.2 Ga0.25InO-55N and barrier-layer 16' to GaO.5 
InO.5 N for composition of GaO.5 InO.5 N, dad layer 15', and 17'. Drawing 2 
(b) is the example of red light emitting diode, and is setting [ composition of 
defective reduction layer 14'* ] composition of aluminumO.2 GaO.05InO.75N 
and barrier-layer 16" to GaO.3 InO.7 N for composition of GaO.3 InO.7 N, dad 
layer 15", and 17". 

[0030] Drawing 3 (a) is the example which used GaO.5 InO.5 N mixed crystal 
as the 2nd buffer layer 32 for heat distortion relief, and AlGaN was used for 
it as a cap layer 33. Moreover, in this case, the 1st buffer layer 11 for 
nudeation may omit, and drawing 3 (b) is such an example. Other mixed 
crystal, such as aluminumO.5 InO.5 N mixed crystal, can be similarly used as 
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a buffer layer 32 for heat distortion relief. Since evaporation of In is slow 
when using mixed crystal as the 2nd buffer layer 32 for heat distortion reHef, 
the cap layer 33 for In an ti flashing may be omitted, and drawing 3 (c) is such 
an example. 

[0031] Drawing 4 is the outline block diagram showing the growth 
equipment used for manufacture of this example element- 41 in drawing is a 
coil made from a quartz, and raw material mixed gas is introduced from a 
gas inlet 42 in this coil 41. And the gas in a coil 41 is being exhausted from 
the flueing mouth 43. 

[0032] The susceptor 44 made from carbon is arranged in the coil 41, and the 
sample substrate 47 is laid on this susceptor 44. Moreover, IH of the 
susceptor 44 is carried out by the high frequency coil 45. In addition, the 
temperature of a substrate 47 is measured by the thermocouple 46 of 
illustration, and is controlled by another equipment. 

[0033] Next, the manufacture method of light emitting diode using the 
growth equipment of drawing 4 is explained. First, the sample substrate 47 
(silicon on sapphire 10) is laid on a susceptor 44. ll./m of high grade 
hydrogen is introduced from a gas inlet 42, and the atmosphere in a coil 41 is 
replaced. Subsequently, the flueing mouth 43 is connected to a rotary pump, 
the inside of a coil 41 is decompressed, and an internal pressure is set as the 
range of 20 - 70Torr. 

[0034] Subsequently, a substrate 47 is heated at 1100 degrees C in hydrogen, 
and a front face is defecated. Subsequently, H2 after reducing substrate 
temperature at 450-900 degrees C It is gas The organic compound containing 
gas, two HN4 gas, or N, for example, (CH3), 2N2H2, While changing, it is the 
organic-metal Ga compound (CH3) 3, for example, Ga. Or Ga3 (C2 H5) It 
grows up by introducing. NH3 It is the organic-metal aluminum compound 
(CH3) 3, for example, aluminum, simultaneously Or aluminum (C2 H5)3 
and the organic-metal In compoimd (CH3) 3, for example. In, Or In3 (C2 H5) 
It introduces and addition of aluminum and In is performed. 
[0035] In doping, it also introduces the raw material for doping 
simultaneously, as the raw material for doping - as the object for n types -- 
Si hydride 4, for example, SiH, or - as the organic-metal Si compound (CH3) 
4, for example. Si, and the object for p types — an organic-metal Mg 
compound, for example, Cp2 Mg, or organic metal (CH3) Zn 2 etc. -- it is used 
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It grows up under the atmosphere which does not contain hydrogen, such as 
nitrogen and Ar, when forming the layer containing In, in order to 
incorporate In and to improve a rate, and is 2 N2H2 with cracking severity 
higher (CH3) than ammonia as a raw material. It uses. 

[0036] In addition, in order to gather the rate of activation of p type dopant, 
it is important to suppress mixing of the hydrogen of a under [ a crystal ]. 
Then, in order to stop the maceration of nitrogen, it cools in ammonia, and at 
the temperature not more than it, 700 degrees C cools in inert gas in order to 
suppress mixing of the hydrogen in a cooling process firom 850 degrees C 
from growth temperature. Furthermore, when it is necessary to gather the 
rate of activation of p type dopant, it heat-treats in nitrogen [ which was 
generated by RF plasma ] radical. Desorption of the nitrogen atom out of a 
crystal depends this on the abihty for it to prevent completely and remove 
crystal defects, such as a nitrogen hole, from 900 degrees C for 1200-degree C 
heat treatment in an elevated temperature to to be not only possible, but. 
[0037] Specifically, it is NH3 as a raw material. 1x10-3 mol/min and Ga(CH3) 
3 11x10-5 mol/min and aluminum3 (CH3) It grows up by carrying out 1x10-6 
mol/min introduction. In substrate temperature, Si is used for n type and the 
total flow of 1050 degrees C, pressure SSIbrr, and material gas uses Mg for p 
type at 1 1/min and a dopant. As a raw material. Si (CH3)4 and Cp2 Mg are 
used. 

[0038] When the X diffraction estimated the wafer obtained in this way, the 
crystal defect decreased by leaps and bounds, and reahzation of a high 
brightness short wavelength light emitting device has been expected. 
Moreover, it is possible by annealing a wafer in nitrogen radical at 400-1100 
degrees C (preferably 700-1000 degrees C) to stop the omission of N in 
annealing and to form p type layer into low resistance more. The schematic 
diagram of the equipment for annealing is shown in drawing 10 . In addition, 
the high frequency coil for the susceptor to which a coil and 92 served as the 
wafer and, as for 93, 91 in drawing served as the heater, and 94 activating 
gas, and 95 show the RF generator. 

[0039] In addition, as for annealing, it is also effective that the nitrogen 
content compound which does not emit active hydrogen performs. Since the 
omission of N in annealing is stopped, H is incorporated and there is also 
specifically no annealing in the organic compound which has an azide 
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machine, for example, an ethyl azide, **, it becomes possible to form p type 
layer into low resistance more. 

(Example 2) Drawing 5 is the cross section showing the element structure of 
the Hght emitting diode concerning the 2nd example of this invention. This 
example raises efficiency further by preparing a contact layer not only in the 
p side but in the n side. 

[0040] On the c-th page of silicon on sapphire 50, growth formation of the 1st 
buffer layer 51 (9nm) of AIN for growth nucleation and polar control is 
carried out at 350 degrees C, growth formation of the Ga0.5In0.5 N 2nd 
buffer layer 52 (0.5 micrometers) further for heat distortion relief is carried 
out at 550 degrees C, and growth formation of the GaN cap layer 53 (0.1 
micrometers) for In antiflashing is carried out at 650 degrees C at a it top. 
[0041] After these each class 51-53 is formed, a temperature up is carried out 
to 1050 degrees C. Se or the n type GaN contact layer 54 (2.0 micrometers) of 
S dope, Se or the S dope GaInN (GaN-GaO.7 InO.3 N) composition diffraction 
grating layer 55 (1.0 micrometers) for grid mismatching relief, Se or the S 
dope GaO.7 InO.3 N defective reduction layer 56 (4.0 micrometers) further for 
crystal-defect reduction, Se which operates as an element, or the n type 
aluminumO.l Ga0.55InO,35N clad layer 57 (1.0 micrometers) of S dope 
(lxl018cm-3). The Ga0.7In0.3 N barrier layer 58 (0.5 micrometers), Mg, or 
the p type aluminumO.l GaO.55InO.35N dad layer 59 (1.0 micrometers) of Zn 
dope (lxl018cm-3), Growth formation of the p type GaN contact layer 60 (0.5 
micrometers) of Mg or Zn dope (5xl018cm-3) is carried out one by one. 
[0042] And inert gas or N2 after Pd;500nm, CrilOOnm, and Au:500nm were 
foi-med on the contact layer 60 and AuGe:100nm and Au:500nm were formed 
on the contact layer 54 It is heat-treated at 400-800 degrees C in inside, and 
the ohmic electrode (the p lateral electrode 61, n lateral electrode 62) is 
formed. 

[0043] Even if it is such structure, work of the 1st buffer layer 51 of AIN and 
the 2nd buffer layer 12 of GaInN enables it to form a good AlGaInN system 
semiconductor layer, and the same effect as the 1st example is acqxiired. 
Moreover, by this example, since there is 0.3% of grid mismatching between 
a barrier layer 58 and the clad layers 57 and 59, luminescence wavelength 
can form long wavelength and absorption can be reduced. 
[0044] In addition, in this example, although the composition diffraction 
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grating layer 55 for grid mismatching relief was formed, it is not necessary to 
necessarily make it a dLEEraction grating. Moreover, not only GaInN but GaN 
can also be used as a heat distortion reUef layer, and drawing 6 is such an 
example. Here, on the c-th page of silicon on sapphire 50, growth formation 
of the 1st buffer layer 51 (9nm) of AIN for growth nudeation and polar 
control is carried out at 350 degrees C, and growth formation of the 2nd 
buffer layer 72 (0.5 micrometers) of GaN further for heat distortion relief is 
carried out at 550 degrees C. And growth formation of each class 54-60 is 
carried out like drawing 5 on this. 

[0045] Furthermore, there may not be a buffer layer for heat distortion relief, 
and drawing 7 is such an example. The 1st buffer layer 51 (5nm of average 
thickness) of granular AIN for growth nudeation and polar control is formed 
at 400 degrees C on the substrate 50 turned off 5 degrees in the direction of a 
from the c-th page of sapphire. And growth formation of each class 54-60 is 
carried out like drawing 5 on this. 

[0046] Lateral growth is promoted for the direction in which the smallest 
possible grain for growth nudeation is formed sparsely, and a quahty layer is 
made. Moreover, although the striped pattern was observed in many cases by 
the growth front face when it grew up on the a-th page, mirror-plane growth 
was attained by adoption of a granular buffer layer. Furthermore, GaN may 
be used as a buffer layer for growth nudeation, and the maceration of 
nitrogen can be stopped by introducing the ammonia of a idtralow volume to 
the limitation that GaN grows in that case. 

[0047] Drawing 8 is an ammonia flow rate at the time of growing up GaN, 
and the relation of a growth rate, even if it decreases ammonia to 1/200 of the 
total flow (1 1/min), GaN grows and thickness becomes the maximum at the 
time about [ of the total flow ] of 1/50. Then, when 1 / about 50 to 1/200 
ammonia of the total flow is introduced, the maceration of nitrogen is 
stopped most and can use GaN as a buffer layer for growth nudeation under 
such conditions. 

[0048] In addition, this invention is not limited to each example mentioned 
above. Element structure is not limited to what was stated in the example at 
all, and can be changed suitably. It is appHcable to what, in short, forms the 
semiconductor layer which consists of AlGaInN system material on a single 
crystal substrate, and creates a hght emitting device etc. Moreover, a 
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substrate cannot necessarily be restricted to silicon on sapphire, and can also 
use the single crystal of SiC and others. Moreover, it is possible not to 
necessarily restrict this invention to a light emitting device, and to apply also 
to an elevated-temperature operation semiconductor device. In addition, in 
the range which does not deviate from the summeiry of this invention, it can 
deform variously and can carry out. 
[0049] 

[Effect of the Invention] As explained in fuU detail above, according to this 
invention, the crystal quality of the semiconductor layer for the element 
formation which consists of AlGaInN system material, and improvement in 
repeatability can be aimed at, growth of the AlGaInN system semiconductor 
layer of a low defect is attained as a result, and it becomes realizable [ a high 
brightness short wavelength Hght emitting device etc. ]. 
[Brief Description of the Drawings] 

[Drawing 1] The cross section showing the element structure of the blue light 
emitting diode concerning the 1st example. 

[Drawing 2] The cross section showing the modification of the 1st example. 
[Drawing 3] The cross section showing another modification of the 1st 
example. 

[Drawing 4] The outline block diagram showing the growth equipment used 
for manufacture of an example element. 

[Drawing 5] The cross section showing the element structure of the light 
emitting diode concerning the 2nd example. 

[Drawing 6] The cross section showing the modification of the 2nd example. 
[Drawing 7] The cross section showing the modification of the 2nd example. 
[Drawing 8] The property view showing the ammonia flow rate at the time of 
growing up GaN, and the relation of a growth rate. 

[Drawing 9] The property view showing the relation of the X diffraction haK- 
value width of AIN buffer thickness and a GaN layer. 

[Drawing 10] The outline block diagram showing the annealer used for the 
example. 

[Description of Notations] 

10 50 - SOicon on sapphire (single crystal substrate) 

11 51 The 1st buffer layer of AIN 

12 - The 2nd buffer layer of InN 
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13 53 -- GaN cap layer 

14 56 " GaInN defective reduction layer 

15 57 -- n type AlGaInN clad layer 

16 58 " n type GaInN barrier layer 

17 59 - p type AlGaInN dad layer 

18 60 -- p type GaN contact layer 
21, 22, 61, 62 -- Electrode 

32 -- GaInN buffer layer 

33 -- AlGaN cap layer 

52 -- The 2nd buffer layer of GaInN 

54 — n type GaN contact layer 

55 — n type GaInN composition diffraction grating layer 
72 - The 2nd buffer layer of GaN 
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